Abstract: Astragalus genus represents the widest terrestrial plant taxon with more than 2200 species of herbs or shrubs. Under phytochemical aspect, this genus was characterized by a high structural diversity of saponins essentially based on cycloartane. The high number of saponins offers a strong basis for analysis of structural properties and metabolic trends governing molecular synthesis and diversity. Such trends can be highlighted from significant correlations between chemical substitution types/positions and aglycone forms. Beside the high number of chemical structures, pharmacological activities of saponins provide another variation aspect which was less invested because of not systematic evaluations of elucidated molecules. Despite this disproportion constraint between pharmacological evaluations and structural elucidations, preliminary significant structure-activity (SA) trends can be highlighted using appropriate statistical tools. This work focused on statistical analysis of structure-structure (SS) and structure-activity (SA) trends in Astragalus saponins by a sequential way including detections, significance evaluations and predictions. Dataset concerned 193 cycloartane-based saponins including 35 evaluated ones shared between cytotoxic and immunomodulatory activities (the most published activities in Astragalus saponins). SS and SA trends were initially highlighted by correspondence analysis and their significances were evaluated by Fisher's exact test. Results revealed significant affinities between aglycone forms and glycosylation positions. Moreover, both cycloartane forms and glucosylation positions showed significant effects on considered pharmacological activities. Finally, using the significantly influent structural variables, SAR models were developed by logistic regressions. Obtained models showed high sensitivity and specificity in favor of good predictability and distinctness of each separated activity. These results remain preliminary and need more confirmation from more pharmacological data that could be cumulated in the future. . . .__________________________________________________________________________________
Materials and Methods:
The aim of the current work was based on the following question: how the small set of known active saponins can be structurally distinguished from the wide set of not evaluated ones? This question found responses through three sequential statistical analyses including (1) structure-activity (SA) trends detections, (2) significance evaluations and (3) SA-predictive models (Figure 1) . Also, saponins were characterized by two indicative variables concerning evaluated cytotoxic (Cyt) and immunomodulatory (Imn) activities, respectively. In all, Cyt and Imn were represented by 35 molecules among the 178 ones. Chemical substitution concerned carbons C3, C6, C16, C24, C25 susceptible to attach hydroxyl, glycosyl and/or acetyl groups. Glycosyls included glucosyl, xylosyl, rhamnosyl, arabinosyl, apiosyl and glucuronic acid. Other carbons were not considered because of their rare chemical substitutions leading to outlier cases. SA trends highlighted from factorial plots of CA were statistically evaluated by means of Fisher's exact test (FET) [3] . In this link test, well-known evaluated saponins were considered as a target set the characteristics of which were confronted to the global state of random set containing all the not evaluated molecules (Figure 3) . Randomness was attributed to this second set because it can include active and not active molecules the pharmacology of which remains unknown by waiting confirmative evaluations.
Finally, a synthesis of significant SA trends was carried out by applying two logistic models on the subset of 35 Cyt or Imn molecules to predict each activity in relation to the most discriminant structures given by FET (Figure 1) [3] . CA was carried out by ADE statistical software [4] . FET and logistic regressions were applied using JMP statistical software [5] . (Figure 4a ) and superimposition between Cyt and LCh (plot F7F8) (Figure 4d, e) . This indicated some positive trends between Cyt and both 3-Glc and LCh. Along the eighth principal component (F8), Cyt-LCh association showed topological opposition to Imn-Ep1 one; this later indicated some positive trend between immunomodulatory activity and the 20,24-epoxycycloartane (Figure 4d, e) . This was also confirmed by projections of Imn and Ep1 points in a same subspace in F3F4 plot (Figure 4b, c) . Moreover, Imn projected close to 6-Glc in F3F4 indicating some association between C6-glucosylation and this activity (Figure 4b) . After FET application on all SA trends highlighted in CA, the lowest p-values of positive effects on Cyt concerned interaction between LCh and 3-Glc (p = 5.10 -4 ) ( Table 1) . Concerning Imn, the most significant positive effect resulted from interaction between Ep1 and 6-Glc (p = 6.10 -4 ) ( Table 1) .
Using these four most significant and interactive variables given by FET (LCh, Ep1, 3-Glc, 6-Glc), logistic regressions were applied to develop SA models predicting Cyt and Imn activities. Both models showed high sensitivity (Ss) and specificity (Sp) (Figure 6) : Ss = 85.7% for Cyt vs 90.0% for Imn; Sp = 76.5% for Cyt vs 81.8% for Imn. These results were in favor of good predictive and distinctive ability of both models of different structure-activity subsets. [6] evoked not significant cytotoxic activity in 20,24-epoxyxloartane (Ep1). Interaction effect of LCh and 3-Glc was in agreement with other works on saponins of not Astragalus species revealing key roles of aglycone and glycosylation in cytotoxic activity [7] . For Imn, previous works on some Astragalus saponins evoked positive implications of 20,24-epoxycycloartane and 6-Glc in Imn activity compared to LCh and not glucosylated C6, respectively [8, 9] .
Conclusions:
This work concerned a preliminary analysis of SA trends from updated data of Astragalus cycloartane-based saponins cumulated in literature. Although, the current results remain preliminary because of the limited number of evaluated molecules, the method provided a sequential statistical way to extract significant information on SA trends despite sparse states of phytochemical-pharmacological data. Interaction This three steps-method can be applied to larger datasets (with more available pharmacological evaluations) to confirm and/or improve knowledge on SA links of saponins and other metabolic families. 
